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ABSTRACT 
Effects of Starvation and Time at Stocking on 
Survival of Stocked Rainbow Trout, 
Salmo oairdneri 
by 
Marlin John Bricker, Master of Science 
Utah State University, 1970 
Major Professor: Dr. Robert H. Kramer 
Department: Wildlife Resources 
Investigations of effects of starvation and time at stocking on 
the survival of catchable rainbow trout in two areas of Mammoth Creek 
in Dixie National Forest, Utah, were conducted from May 24 to December 
6, 1969. Fish were starved for 6 days and 1 day and stocked in the 
morning (5:40-7:00 a.m.) and in the afternoon (1:45-5:30 p.m.). Out of 
7,000 tagged fish stocked, 4,751 tags were returned by fishermen. The 
6-day starved fish, stocked in the morning returned to the creel in
highest numbers (1,240); followed by 1-day starved, afternoon-stocked 
fish (1,194); 6-day starved, afternoon-stocked fish (1,163); and 1-day 
starved, morning-stocked fish (1,154). For the entire stream, the main 
effects of starvation and time at stocking were not significant at the 
10 percent level, but their interaction was significant at the 1 percent 
level. 
In the upper area, however, both 6-day starved lots returned to the 
creel in greater numbers (692) than the 1-day starved lots (643), and 
the main effect of starvation was significant at the 1 percent level 
x 
in addition to the interaction being significant at the 5 percent level. 
About 81 percent of the tags returned were from fish caught in the 
sections stocked. One percent of the tags were from fish that moved 
upstream and 18 percent from fish that moved approximately 3 miles or 
less downstream. No consistent downstream movement patterns were 
related to either starvation or time at stocking. 
One week after the fishing season, 68 percent of all (19) tagged 
fish captured by electrofishing were 6-day starved fish, but this dif­
ference was not significant at the 10 percent level. 
(82 pages) 
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INTRODUCTION 
The use of cultured trout as a management tool has an interesting 
and colorful history. From 1870 to 1890 in the Western United States 
exotic trout were introduced and native trout were transplanted for 
development of the sport fishery. From 1880 to 1930 artificial 
propagation, mass production, and stocking of hatchery trout became 
widespread (Taft, 1947). 
In the late 1930's and during the 1940's, the literature records 
many field studies concerned with the desirability of size and species 
of trout stocked, and season stocked. The reason for this concern 
was that hatchery trout were expensive products with low survival. 
Out of these studies came the present-day policy of stocking catchable-
size trout, predominantly rainbow trout (Salmo gairdneri), during the 
fishing season on a put-and-take basis. 
Survival of domestic trout still remains of importance to sport 
fishery management. According to the National Survey of the Needs for 
Hatchery Trout (Bureau of Sport Fisheries and Wildlife, 1968) 71,489,000 
catchable trout were required in the United States in 1965, but only 
64,413,000 were produced. Assuming an average return of catchables to 
be 50 percent (Eiserman, 1966; Locke, 1966), an increase in survival from 
50 to 56 percent would have put the same number of fish in the creel as 
stocking the additional 7,076,000 fish required (Kramer, 1969). 
Survival of hatchery trout in a stream involves, among many 
variables, the fish's ability to swim actively in the current and find 
a place to maintain its position. If the stocked trout is not strong 
or fortunate enough to do either, or becomes overly fatigued in the 
process, it is probable downstream drifting and mortality will occur. 
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Involuntary downstream movement of stocked trout may particularly 
occur if a substantial resident trout population exists or if the stocked 
trout are in poor condition (Miller, 1952; Miller, 1958; Butler and 
Borgeson, 1965). Downstream movement of planted rainbow trout has also 
been observed when water temperature was below 50 F and very little 
movement downstream when the water temperature was above 50 F (Cooper, 
1953; Newell, 1958). 
While in the current the fish are making demands upon their 
stored glycogen which is metabolized to glucose. The breakdown of 
glucose yields pyruvate, with the release of hydrogen and energy. If 
oxygen is available, it combines with the hydrogen, and energy is 
released to the cells . If an ox~gen debt develops, the hydrogen re-
combines with pyruvate, and lactate acid is formed (Black, 1956; 
Black, Connor, Lam, Chiu, 1962; Beamish, 1968). Under vigorous exer-
cise maximum levels of lactic acid may occur within 15 minutes at 52.7 F 
(Black, 1955; Black, 1957). With the build-up of lactic acid the fish 
become fatigued, weakened, and die (Miller, Sinclair, and Hochachka, 
1959; Miller and Miller, 1962; Black and Barrett, 1957) The capability 
of the fish to utilize the available oxygen is of prime importance to 
the release of energy at the cellular level. 
The utilization of oxygen by fish is used as an indication of 
their metabolism. Several metabolic rates in terms of oxygen consump-
tion have been defined (Fry, 1957). Two of these rates are the active 
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and standard metabolic rates. Active metabolic rate is defined as the 
maximum oxygen consumption during forced activity. Active metabolic 
rate in rainbow trout increases as temperature rises and then decreases 
until a lethal temperature is met (Brett, 1964). Standard metabolic 
rate is defined as the oxygen consumption of a fish in a completely 
inactive state . Standard metabolic rate increases continuously with 
rising temperature to the upper lethal temperature. 
The arithmetic difference between the active and standard metabolic 
rates is defined as scope for activity (Fry, 1947). In essence, scope 
for activity is the energy or oxygen available for activity (Fry, 
1957). 
Dickson (1968) described scope for activity for domestic rainbow 
trout. He found temperature had a significant effect upon scope for 
activity. Scope for activity was maximum at 59 F (15 C) and minimum 
at 41 F (5 C) and 77 F (25 C). All other factors equal, the capabili-
ties for activity of the fish would be maximum at 59 F. Scope for 
activity at 59 F was observed after 1, 2, 3, 6, and 9 days starvation. 
It increased significantly after 1 and 3 days starvation to 6 days 
starvation, where scope for activity was maximum. It declined at 9 
days starvation. The effect of time of day under simulated day length 
photoperiods had no significant effect upon active and standard metabolism. 
Objectives 
This study was designed to determine the relationship between 
starvation (6 and 1 days) and time at stocking (morning and afternoon) 
on survival of catchable-size hatchery rainbow trout. Morning stockings 
were to be made at the time when daily stream temperatures were lowest 
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and afternoon stockings when the daily stream temperature was highest. 
The study is the second phase of research conducted at the Utah 
Cooperative Fishery Unit. The final goal of the research is to improve 
the "quality" of hatchery trout, specifically, to develop criteria, 
or indices, to the survivability of domestic trout (Kramer, 1969). 
The specific objectives of this phase of the research were: 
1. To determine the relationship between starvation and time at 
stocking and survival to the creel. 
2. To determine the relationship between starvation and time at 
stocking and downstream displacement of stocked trout. 
3. To determine the relationship between starvation and time at 
stocking and post-season survival. 
Several chemical and physical characteristics of Mammoth Creek were 
measured to describe and monitor the environment into which the trout 
were stocked. 
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STUDY AREA 
The project was conducted on Mammoth Creek and the Sevier River 
located in Garfield and Iron Counties in southern Utah. Mammoth Creek 
is approximately 230 miles south of Salt Lake City. The creek is 1 
mile south of Hatch, Utah (Figure 1). 
The creek originates from runoff at an approximate elevation of 
11,000 feet. Mammoth Spring, largest of several springs feeding 
Mammoth Creek, is at 8100 feet elevation. Mammoth Creek joins the 
Sevier River at an elevation of 7000 feet, 2 miles south of Hatch, 
Utah (Figure 1). The drainage area of Mammoth Creek is 150 square miles. 
The total length of the creek is 21 miles; the project was limited to 
th e low e r 14. 7 mil e s of Mammoth Creek and 2.0 miles of the Sevier River. 
The upper boundary for the project was located 0.3 miles above Mammoth 
Spring. 
The 16.7 miles of the study area were divided into 15 sections to 
aid in the analysis of dispersion of the stocked fish, determination of 
fishing effort on the stream, and determination of post-season survival 
of the stocked fish (Figure 2). 
Two areas on the creek were especially suited for testing the experi-
mental fish, due to fishing pressure, stream gradient, and access. Thus 
the stream was arbitrarily divided into an upper and lower area (Figure 2). 
The upper area consisted of sections 1 through 5 (4.5 miles) and the 
lower area consisted of sections 6 through 15 (12.2 miles). 
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The creek is located in Dixie National Forest, but most of the land 
adjacent to the creek was privately owned. In the upper area approxi-
mately 50 summer homes and cabins were located along the stream . The 
forest at th e higher elevations was predominately ponderosa pine (Pinus 
ponderosa), spruce (Picea ~-), and quaking aspen (Populus tremuloides). 
In the lower area the land adjacent to the creek was used extensively 
for grazing livestock. Pinyon-juniper (Pinus cembroides and Juniperus 
utahensis) stands, rabbitbrush (Chrysothomnus ~.), and sagebrush 
(Artemisia ~-) were predominant. 
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METHODS AND PROCEDURES 
Chemical and Physical Determinations 
Chemical concentrations and physical measurements were taken on the 
study area. Temperature readings were recorded by a Ryan continuous 
recording thermometer, located in stream section 8. A maximum-minimum 
thermometer was located in stream section 2 and in the experimental 
raceway at the hatchery. 
Chemical concentrations determined at the time of stocking include: 
water temperature, dissolved oxygen, pH, total alkalinity, turbidity, 
and conductivity. A Hach Water Analysis Kit was used in water quality 
analysis. Conductivity readings were taken with an Industrial Instruments 
RB3 Solu Bridge (conductivity meter). The water temperature of the 
stream and hatchery truck were recorded at the time of stocking with a 
hand thermometer. Water velocity was measured at the time of stocking 
with a Gurley Current Meter. 
Stream length on aerial photographs and topographic maps were deter-
mined with the aid of a map wheel. Elevations of Mammoth Creek were 
determined with an altimeter and contours on topographic maps. A staff 
gauge located in section 2 was used to measure water level in the stream. 
Resident Fish Populations 
Estimates of resident and stocked fish populations were made in the 
sections stocked (stream sections 2, 9, and 10) with electrofishing 
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gear. A variable voltage pulsator connected to a 115-volt alternator, 
400 cycles, was used in the survey. With the pulsator direct current 
(one positive, one negative electrode) was used to capture the fish. A 
crew of three to five men worked the stream. 
Population estimates were made by two methods. The first was by 
making repeated shocking runs to capture the total population within a 
360-foot length of stream and then expanding it to fish per mile. This 
method was used in one 360-foot length of stream in sections 2, 9, and 
10. The data from these three lengths of stream were used to calculate 
th e efficiency of the electrofishing gear. Efficiency was expressed as 
the number captured in the first run divided by the total number of fish 
in the 360-foot length (70 percent). Single runs were made in two 360-
foot lengths of stream in ' stream section 2, and divided by 0.70 to provide 
estimates comparable to the results from stream lengths shocked repeatedly. 
Estimates of biomass were made with the aid of published length-
weight relationships of the various species (Sigler, 1953; Sigler, 1951; 
Hauser, 1969; Beckman, 1948). 
Creel Census 
A census was used to retrieve tags and gain information on the 
fishery. In conjunction with the census and to inform fishermen of the 
project a promotion program was initiated. Hand bills were used, briefly 
describing the project and the response desired from the fishermen in 
returning tags (Figure 3). Approximately 750 hand bills were placed in 
windows or on counters of regional enterprises. Similarly, a newspaper 
article was placed in three different area newspapers. One article 
MAMMnTH C RE E K F I S H S T Li D Y 
1969 
The Utah Cooperative Fishery lJnit at Utah State University is 
conducting an intensive research program on Mammoth Creek. The pri-
mary objective is to learn ways to increase survival and return of 
hatchery trout to anglers. 
F I S H E R M E N Y O U R H E L._P'----=--I -=S'----'-N'-=E-=E~D_E_D 
Some of the fish you catch will be tagged with numbered green 
plastic streamers marked: "u:;u 1·u :1i.~·1'.' Ul '/ '(J,'; f'l'". These tags will be 
found below the dorsal fin of the trout as shown in the photo below. 
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The success of the research is absolutely dependent upon the return 
of these tags. For your convenience in returning tags, green metal boxes 
are placed at several locations: marked, "FISHERMEN REGISTER - DEPOSIT 
TAGS". Special envelopes are provided at each station. If you catch a 
tagged fish place the tag in the envelope, supply the information, and 
deposit the envelope in the box. 
If you find a creel-census envelope beneath your windshield wiper, 
please supply the information requested, place any tags inside the 
envelope, and deposit the envelope in the deposit box or into a green 
barrel marked "TAGS" provided alongside the road for your convenience. 
Some tagged fish may move into Asay Creek or the Sevier River. 
Please return tags from these fish also. 
Y O U R C O O r E P A T I O N I S G R E A T L v A ~ P P - : I A T E D 
Figure 3. Hand bills used to publicize the project and solicit co-
operation from fish e rmen for the return of tags. 
appeared before the opening day of the fishing season, May 31, one 
before July 4, and one during the month of August. 
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To aid in the return of tags, 21 tag-return boxes and four tag-return 
barrels were used (Figures 4 and 5). The boxes were placed along the 
creek where fishermen could stop while fishing (Figure 6). The boxes 
were supplied with creel-census envelopes, a hand bill with a weather 
protective binder, a pencil, and scissors (for tag removal). The barrels 
were placed at the access roads to Mammoth Creek and the Sevier River 
(Figure 6). They were designed for fishermen to deposit tags or en-
velopes into them from their cars. Their original conception was for 
the return of creel-census envelopes fishermen found beneath their car 
windshield wiperblade. They were modified by placing envelopes and a 
pencil directly on the barrel. Envelopes placed on cars and barrels 
were specially marked. 
The creel-census envelopes (Figure 7) asked four questions: (1) 
Number of fishermen in your vehicle; (2) Number of fish caught by all 
fishermen in your vehicle; (3) Time started and stopped fishing; and 
(4) Area fished. The fisherman was then directed to place any tags 
taken from captured tagged fish in the envelope and place the envelope 
in a designated box or barrel. The boxes and barrels were checked daily 
with few exceptions. Ten empty envelopes were maintained on each box and 
five on each barrel. 
In addition, a contact creel-census was conducted to obtain tag 
returns and harvest data. With few exceptions, two creel-census clerks 
were on the creek about 30 percent of the fishing day for every day of the 
week. In the contact census the time of the interview plus the answers 
Figure 5. Tag-return barrel used for voluntary 
return of tags by fishermen. Four 
barrels were located at access roads 
to Mammoth Creek. 
Figure 4. Tag-return box used for voluntary return 
of tags by fishermen. Twenty-one boxes 
were located on Mammoth Creek. 
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CREEL CENSUS MAMMOTH CREEK UTAH STATE UNIVERSITY 
1. PLEASE SUPPLY THE INFORMATION REQUESTED BELOW. 
a) NUMBER OF FISHERMEN IN YOUR VEHICLE: ___ _ 
b) NUMBER OF FISH CAUGHT BY ALL FISHERMEN IN YOUR VEHICLE: 
NUMBER NUMB Ell 
SPECIES TAGGED NOT TAGGED 
RAINBOW TROUT 
BROWN TROUT 
BROOK TROUT 
CUTTHROAT TROUT 
WHITEFISH (HERRING~) ___ _ 
c) TIME STARTED FISHING: ____ _ 
TIME STOPPED FISHING: 
-----
d) CIRCLE AREA FISHED: 
~/ \f ;?"_~ / / / /No"1n( 
1 
·~"9~."fows f )-
2 
2. 
3. 
' 
iJ., 
"
:, J I ,,-r I l'111.'11110TH c:q~ IT 
IF TAGGED FISH WERE CAUGHT PLACE TAG(S) IN ENVELOPE. 
DEPOSIT ENVELOPE IN DESIGNATED BOXES OR BARRELS. 
(o 
1969 
7 
Figure 7. Creel-census envelope placed on tag-return boxes, tag-return barrels, and under the 
windshield wiperblades of fishermen's cars. 
e--' 
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to three questions were recorded: (1) Time started fishing; (2) 
Number of fish caught; and (3) Location of capture (Appendix, Figure 
15). 
The number of fishermen's cars was used in the equation to estimate 
fishing effort on Mammoth Creek (mean number of cars per count,X mean 
number of fishermen per car, X the number of legal fishing hours per day, 
X number of weekdays or weekend days in a half-month interval). Thirty 
percent of the weekdays and 30 percent of the weekend and holidays 
between May 31 and September 15 were randomly chosen as count-days. 
On the selected days the total length of the study area was traveled 
by truck at 2-hour intervals, starting at 6 AM and ending at 8 PM. 
During each 2-hour interval the number of cars per stream section was 
recorded (Appendix, Figure 16). The legal hours for fishing were from 
4 AM to 9 PM mountain standard time. 
Treatments and Handling 
The rainbow trout used were raised in the Panguitch Fish Hatchery, 
Utah State Fish and Game, located on Mammoth Creek. The fish were fed 
and handled by conventional hatchery methods . 
The concrete raceway holding the experimental fish was 72 feet 
long, 8 feet wide, and about 2 feet deep (water depth) (Figure 8). 
The raceway was divided into four sections, 18 feet long. The dividers 
were made of hardware cloth or aluminum plate screen (about 3/8 inch 
mesh) mounted on 2 x 4 wooden frames. The water flow was 3.5 cfs. 
Prior to entering the raceway the water had been utilized in trout 
culture of egg through fingerling size fish (Appendix, Table 12). 
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For each stocking, 250 fish were placed in each of the four sections 
for a total of 1,000 fish. Two lots (250 fish each) were not fed for 
6 days before stocking and two lots were starved for 1 day before stock-
ing. 
One lot of 6-day starved fish and one lot of 1-day starved fish 
were then stocked in Mammoth Creek in the morning (low stream temperature). 
Similarly, the second lot of 6-day starved fish and the second lot of 
1-da y starv ed fish were stocked in the afternoon (high stream tempera-
ture). 
Togeth er the two procedures were designed to comprise four treat-
ments. The treatments were: (1) Fish starved for 6 days and stocked 
at low water temperatures; (2) Fish starved for 6 days and stocked at 
hi gh wate r t emperatures; (3) Fish starved for 1 day and stocked at low 
water temp eratures; and (4) Fish starved for 1 da y and stocked at high 
wat e r t emperatur e s. 
To eliminate any possible advantage or disadvantage due to placement 
in the four sections of the experimental raceway, the four treatments 
were rotated from stocking to stocking; e.g., if treatment 1 was in 
section 1 of the raceway for the first stocking in a particular area, 
it was rotated to another raceway section in a subsequent stocking 
(Figure 8, Table 1). The other three treatments were rotated similarly. 
The procedure of stocking first in the morning and then in the after-
noon of the same day was alternated with stocking in the afternoon and 
then in the morning of the following day. This eliminated any possible 
advantage of being placed in the stream first. 
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Table 1. Location in the raceway, range in length, average length, and 
number of fish per pound for each treatment (sample 25 fish) 
of each separate stocking in Mammoth Creek, 1969 
Area 
Stocking stocked 
1 
2 
3 
4 
5 
6 
7 
Upper 
Lower 
Upper 
Lower 
Lower 
Lower 
Lower 
6-day starved, 
6-day starved, 
1-day starved, 
1-day starved, 
Raceway 
Treatmenta section 
A 1 
B 2 
c 3 
D 4 
A 1 
B 2 
c 3 
D 4 
A 4 
B 3 
c 2 
D 1 
A 4 
B 3 
c 2 
D 1 
A 2 
B 1 
c 4 
D 3 
A 3 
B 4 
c 1 
D 2 
A 3 
B 4 
c 1 
D 2 
morning-stocked fish. 
afternoon-stocked fish. 
morning-stocked fish. 
afternoon-stocked fish. 
Total length 
{inches2 
Range Mean 
7 .0-11.5 9.9 
8.5-12.3 10.3 
9.8-12.5 11. 0 
10.3-12.5 11.1 
10.0-12.5 11. 0 
9.5-11.5 10. 9 
9.8-12.3 11. 0 
10.0-12.5 11.4 
9.8-12.3 11. 2 
10.3-12.0 11.4 
10.5-13.0 11.0 
10.0-14.3 11.2 
10.3-13.0 11. 5 
10.3-13.0 10.6 
10.8-13.0 11. 7 
10.0-13.0 11..6 
10.5-13.5 11.8 
9.8-13.3 11. 6 
10.5-13.0 11.6 
9.5-13.3 11. 3 
10.5-13.8 12.0 
10.8-13.8 12.4 
Number 
of 
fish/lb. 
2.6 
2.3 
2.6 
2.5 
2.4 
2.3 
2.2 
2.2 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
1.9 
2.1 
l. 9 
1.9 
l. 9 
1. 5 
1.8 
1. 7 
l. 8 
1.8 
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With the exception of the first two stockings, 25 fish from each 
tr eatment were weighed and measured 1 or 2 days before stocking. To 
monitor the weight loss or gain of the trout for the 6-day period before 
stocking the following procedure was used on the sixth stocking. Two 
l o ts of 250 tagged fish each were weighed 6 da ys before they were 
stocked. After one lot was starved for 6 days and the other for 1 day 
the y were weighed again. 
Tagging 
The fish were tagged with an internal anchor tag (Dell, 1968). 
The tagging was done 6 to 7 days before stocking. The anesthesia tri-
caine methanesulfonate (MS-222) was used during tagging. Each tag had a 
4-digit number to identify the treatment, the location of stocking, and 
the date of stocking. Also printed on the tag was "USU Please Deposit." 
All tags were green. 
Stocking 
The stocking of the trout was done by conventional methods. The 
location of stocking on Mammoth Creek was section 2 in the upper area 
and sections 9 and 10 in the lower area (Figure 2). One exception was 
the second stocking which included sections 8, 9, 10 in the lower area. 
In section 2 of the upper area, two stockings of 1,000 fish each were 
placed in the creek. Within the 1.3-mile length of section 2 the 1,000 
fish per stocking were scattered at about eight spots. A third stocking 
of 1,000 tagged fish was put in section 2 on July 31. By mishap, approxi-
mately one-half of the 250 "6-day" starved afternoon-stocked fish were 
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starved for only 5 days. For this reason the returns from this stocking 
are not included in the analysis but presented in the Appendix (Table 13). 
A total of 5 stockings of 1,000 fish each was made in the lower 
area. Within the 2-mile length of sections 9 and 10 the 1,000 fish per 
stocking were scattered at about 15 spots. 
The location of stocking in comparison to the location the fish 
were caught was used to evaluate downstream movement of tagged trout. 
Post-season Survival 
To determine the post-season survival of the tagged catchables, 
various stream sections were sampled. This survey was done in conjunc-
tion with th e fish population survey and the equipment and the crew 
were the same. One 360-foot length o f str e am, with two exceptions, was 
sampl e d in stream sections 2, 3, 6, 9, 10, 11, 13, 14, and 15. The 
length sampled in section 11 was about 250-foot and three 360-foot lengths 
were sampl e d in s e ction 2. 
Data Analyses and Treatment of Results 
The tag returns for the upper and lower area and their combined 
returns were statistically treated by analysis of variance for randomized 
block designs to analyze main effects and interaction. A subsequent 
test included orthogonal sets of comparison to analyze simple effects 
(Fryer, 1966). 
Tag returns from individual stockings, downstream movement, and 
post-season survival were treated by means of the chi-square distribu-
tion. 
21 
The estimates of fishing pressure and harvest involved a propagation 
of e rror technique (Deming, 1943) adapted to creel census data (Neuhold 
and Lu, 1957). 
RESULTS 
Chemical and Physical Characteristics 
Stream temperature at the time 
of stocking 
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Measurements of temperature were taken from May 30 to August 29, 
1969. In the series of seven st ockings, the time the morning-stocked 
fish were put in the stream ranged from 5:40 to 7:00 a.m. The water 
temperature at the time of stocking ranged from 38 to 41 Fin the upper 
area and from 39 to 46 Fin the lower area (Table 2). 
In the series of seven stockings the time the afternoon-stocked 
fish were put in the s tr eam ranged from 1:45 to 5:30 p.m. The stream 
temperature at the time of stocking ranged from 45 to 46 Fin the 
upper area and from 45 to 61 Fin the lower area (Table 2). 
The difference in maximum and minimum temperatures for the days 
f~sh were stocked ranged from 4 F for the third stocking (upper area) 
to 19 F for the fourth stocking (lower area) (Figure 9). 
The difference in stream temperature at the time of stocking and 
the water of the hatchery truck was less than 5 F with few exceptions 
( 1able 2). Tempering the fish from the hatchery to the stream involved 
a period of about 30 to 60 minutes. 
Table 2. Summary of data for each stocking made in Mammoth Creek, 1969 
Distri- Steam 
Area but ion Oxygen Alka-
and Time tank Temp. cone. linity 
Stocking section Date stocked temp. (F) (F) (ppm) pH (ppm) 
1 Upper May 7:00 AM 45 38 6.9(72)a 8.1 79 
2 30 5:30 PM 50 46 8.4(94) 8.0 67 
2 Lower June 6:30 AM 42 39 7.8(78) 8.0 91 
8, 9, 10 12,13 5:30 PM 52 45 8.0(86) 8.4 90 
3 Upper June 6:30 AM 41 41 10. 0 (104) 8.4 91 
2 24,25 4:45 PM 46 45 6.8(76) 8.7 100 
4 Lower July 6:00 AM 42 42 8.5(85) 8.5 100 
9,10 2 4:30 PM 60 61 7.6(99) 8.5 97 
5 Lower July 5:40 AM 46 46 8.5(93) 8.4 106 
9,10 22,23 2:10 PM 57 56 7.6(93) 8.4 100 
6 Lower August 6:25 AM 40 44 8.8(95) 7.7 112 
9, 10 15 1:45 PM 59 59 8.6(110) 8.5 llO 
7 Lower August 6:15 AM 45 46 9.0(98) 8.5 127 
9,10 28,29 2:15 PM 59 56 7.9(97) 8.4 ll5 
aPercentage air saturation in parentheses. 
Conduc-
tivity 
(umho) 
160 
140 
195 
185 
197 
190 
230 
208 
240 
230 
280 
240 
260 
225 
Turbidity 
(ppm) 
0 
0 
0 
0 
0 
0 
0 
0 
30 
50 
30 
10 
10 
5 
Velocity 
(fps) 
6.4 
6.4 
4.0 
4.0 
3.1 
3.1 
5.3 
5.3 
5.0 
5.0 
5.3 
5.3 
4.4 
4.4 
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Chemical and physical characteristics 
at the time of stocking 
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Oxygen. Dissolved oxygen concentrations ranged from 6.9 to 10.0 
ppm (72 to 104 percent air saturation) and averaged 8.5 ppm for the 
morning stockings. For the afternoon stockings dissolved oxygen con-
centrations ranged from 6.8 to 8.6 ppm (76 to 110 percent air saturation) 
and averaged 7.8 ppm (Table 2) . 
.£!!· Hydrogen-ion concentrations ranged from 7.7 to 8.5 and averaged 
8.2 for the morning stockings. For the afternoon stockings hydrogen-ion 
concentrations ranged from 8.0 to 8.7 and averaged 8 . 4 (Table 2). 
Alkalinity. Total alkalinity ranged from 79 to 127 ppm and averaged 
100 ppm for the morning stockings. For the afternoon stockings total 
alkalinity ranged from 67 to 115 ppm and averaged 97 ppm (Table 2). 
Conductivity. Conductivity ranged from 160 to 280 micromhos and 
averaged 223 micromhos for the morning stockings. For the afternoon 
stockings conductivity ranged from 140 to 240 micromhos and averaged 
203 micromhos (Table 2). 
Turb.idity. Turbidity ranged from O to 30 ppm and averaged 10 ppm 
for the morning stockings. For the afternoon stockings turbidity 
ranged from Oto 50 ppm and averaged 9 ppm (Table 2). 
Velocity. Water velocity ranged from 3.1 to 6.4 fps in the upper 
area and 4.0 to 5.3 fps in the lower area. Little difference was noted 
between morning and afternoon measurements of water velocity (Table 2). 
Oxygen concentration and t e mperature 
of hatchery water 
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Oxygen concentrations and temperatures of the hatchery water hold-
ing the fish to be stocked were taken from May 26 to August 28, 1969. 
The water in the experimental raceway ranged from 54 to 57 F daily. 
Oxygen concentrations in each of the four raceway sections did not 
differ more than 1.5 ppm dissolved oxygen for any one stocking (Appendix, 
Table 14). Dissolved oxygen concentrations in the experimental raceway 
increased throughout the summer from a mean of 6.2 ppm (third stocking) 
to 7.7 ppm (seventh stocking). The change was probably due to a reduc -
tion in number of fingerlings above the experimental raceway (Appendix, 
Table 12). 
Physical determinations 
Relative stream level was measured at varying intervals from June 
16 to September 16 in section 2 of the upper area (Table 3). A stream 
level of 16 inches was measured on June 16 and 1 inch on September 16, 
a decrease in relative stream level of 15 inches within a 92-day 
period. Measurements represent the low est stream level for a period 
of days. Therefore, a gradual decrease is indicated and not the 
fluctuations due to periodic rainstorms. 
Measurements to calculate surface acreage were taken on August 19 
and 24, and September 6, 1969. The study area was 65 surface acres. 
The upper area covered 13.2 surface acres and the lower area, 51.8 
surface acres. The surface area of each of the 15 stream sections 
varied from 0.7 acres in section 1 to 8.6 acres in section 7 and 
averaged 4.3 acres (Table 4). The length of the stream sections 
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Tcble 3. Relative water levels in the upper area (stream section 2), 
Marrunoth Creek, 1969-- expressed in inches 
Dcte Level Date Level 
JLne 16 16 July 11 8 
JLne 18 16 July 18 6 
JLne 20 14 July 29 5 
J Lne 22 14 August 15 2 
Jd y 4 10 August 22 2 
JLly 5 10 September 1 1 
July 9 10 September 16 1 
ranged from 0.3 miles in section 1 to 1.8 miles in section 7. 
Average stream gradient was 65 feet per mile. Stream discharge in 
section 10 ranged from 403 cfs on May 15 to 90 cfs on July 29, 1969 
(Tab le 5). 
Standing Crop and Biomass of Stocked 
and Resident Fish 
On December 4-6, 1969, (1 week after the close of the fishing season) 
a survey was taken of fish present in the sections stocked. In the 
upper area the standing crop of rainbow trout (tagged) ~n 1 mile of 
section 2 was 93 fish (49 pounds; 16 pounds per surface acre). The 
standing crop of rainbow trout (not tagged), brook trout (Salvelinus 
fontinalis), and cutthroat trout (~ clarki) was 294 fish per mile 
(105 pounds; 34.5 pounds per surface acre) (Table 6). Sculpin (Cottus 
~.) were present but not counted. 
Table 4 . Length and area of stream sections, Mammoth Creek, 1969--expressed as miles and surface acres 
Section 
Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Length (miles) 0.3 1.3 0.8 1.1 1.0 0.9 1.8 1.1 1.0 1.0 1. 7 0.8 1. 2 1. 0 1. 7 
Area 
(surface acres) 0.7 4.0 2.2 3.2 3.1 3.8 8.6 4.9 3.9 4.1 6.5 2.4 4.8 4. 7 7.9 
N 
00 
Table 5. Stream discharge, lower area, stream section 10, Mammoth 
Creek, 1969--expressed as cubic feet per second (data from 
U.S. Geological Survey) 
Date Discharge 
January 16 13 
April 23 75 
May 15 403 
June 6 435 
June 19 225 
July 29 90 
Table 6. Estimated number and weight of fish per mile and surface 
acre, upper Mammoth Creek, section 2, December 5, 1969 
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Per mile Per surface acre 
Fish Number Pounds Number Pounds 
Rainbow trout (tagged) 93 49 30 16 
Rainbow a 113 65 37 21 trout (not tagged) 
Brook trout 176 39 57 13 
Cutthroat trout 5 1 2 ~ 
Total 387 154 116 50~ 
a 
2,600 non-tagged rainbow trout (catchables) were stocked in the upper 
Mammoth Creek, June-August, 1969. 
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In the lower area the standing crop of rainbow trout (tagged) in 
1 mile of sections 9 and 10 was 95 fish (54 pounds; 14 pounds per 
surface acre). The standing crop of rainbow trout (not tagged), brown 
trout (Salmo trutta), and mountain sucker (Pantosteus platyrhynchus) 
was 542 fish per mile (139 pounds; 27 pounds per surface acre) (Table 
7) • 
Sport Fishery, Mammoth Creek 
The return of tags to tag-return boxes and barrels accounted for 
86 percent of the tags returned. For the return of tags, the utiliza-
tion of creel-census envelopes by fishermen was 73, 33, and 47 percent, 
Table 7. Estimated number and weight of fish per mile and surface 
acre, lower Mammoth Creek, sections 9 and 10, December 4, 1969 
Per mi le Per surface acre 
Fish Number Pounds Number Pounds 
Rainbow trout (tagged) 95 54 24 14 
Rainbow trout (not tagged) a 95 47 2!+ 12 
b Brown trout 154 40 40 10 
Mountain sucker 293 20 75 5 
Total 637 161 163 41 
a5,400 non-tagged rainbow trout (catchables) were stocked in the lower 
Mammoth Creek, June-August, 1969. 
bl0,000 fingerling brown trout were stocked in the lower Mammoth Creek 
during the 1969 fishing season, about 1/3 of the brown trout sampled 
were fingerlings. 
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respectively, for envelopes found on boxes, barrels, and under wind-
shield wipers of fishermen's cars (Appendix, Table 15). 
A contact creel-census was conducted from May 31 to September 14, 
1969. The remaining 14 percent of the tags returned were collected in 
this manner. About 24 percent of the fishing effort was in the upper 
area and 76 percent in the lower area. Confidence limits for the 
upper and lower area estimates of pressure and harvest were assumed to 
be proportional to the calculated confidence limits of the total 
estimates. 
Catch per hour 
Catch per unit effort (upper area) for weekdays was 0.56 fish per 
hour and ranged from 0.20 to 0.98 fish per hour. Catch per unit effort 
for weekend days was 0.71 fish per hour and ranged from 0.32 to 1.11 
fish per hour (Appendix, Table 16). 
Catch per unit effort for weekdays (lower area) was 0.59 fish per 
hour and ranged from 0.40 to 0.87 fish per hour. Catch per unit effort 
for weekend days was 0.47 fish per hour and ranged from 0.38 to 0.57 
fish per hour (Appendix, Table 16). 
Fishing effort 
Estimates of fishing pressure were made for the period June 1 to 
September 15, 1969. Fishing effort estimates were based on counts of 
fishermen's cars expanded by fishermen per car (Appendix, Table 17). 
All estimates include +95 percent confidence limits (Neuhold and Lu, 
1957). 
Fishing pressure in the upper area for weekdays was 4,361 ± 497 
fishermen hours and for weekend days 4,692 + 999 fishermen hours. 
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Fishing pressure in the l ower area for weekdays was 13,809 ± 1,574 
fishermen hours and for weekend days 14,858 ± 3,165 fishermen hours. 
For the total area fishing pressure on weekdays ranged from 414 ± 
286 fishermen hours for June 1-15 to 4,870 ± 1,281 fishermen hours 
for August 1-15, 1969. For weekend days the fishing pressure ranged 
from 955 + 469 fishermen hours for June 1-15 to 7,824 ± 3,497 fishermen 
hours for August 16-31, 1969. For the total area for both weekdays and 
weekend days fishing pressure ranged from 1,369 + 549 fishermen hours 
for June 1-15 to 10,959 + 3,557 fishermen hours for August 16-31, 
1969 (Figure 10). 
Harvest 
The harvest in the upper area for weekdays was 2,442 ± 562 fish and 
for weekend days 3,331 + 989 fish. The total harvest was 5,773 ± 1,080 
fish. The ratio of catch was about 4:5:1 for rainbow trout (tagged), 
rainbow trout (not tagged), and brook trout, respectively. Small 
numbers of brown trout and cutthroat were also caught in the upper 
area (Appendix, Table 18) . 
The harvest in the lower area for weekdays was 8,147 ± 1,874 fish 
and for weekend days 6,983 ± 2,073 fish. The total harvest was 15,130 
± 2,829 fish. The ratio of catch was about 3:6:1, for rainbow trout 
(tagged), rainbow trout (not tagged), and brown trout, respectively 
(Appendix, Table 18). 
The harvest of tagged fish in the upper area, including the July 
31 stocking, was 2,065 ± 386 fish and for the lower area 4,636 ± 
866 fish. A total of 6,701 ± 1,253 of the tagged fish stocked were 
caught; 83 percent of the total number stocked. 
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Figure 10. Total weekday, and weekend day fishing effort (total 
study area) from June 1 to September 15, Mammoth Creek, 
1969. 
Length and Weight of Fish Stocked 
The trout were 7.00 to 14.25 inches long (mean 
averaged 2.1 fish per pound (Table 1). 
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11 inches) and 
On August 9, 1969, one lot of 250 fish in section 2 and one lot of 
250 fish in section 4 of the experimental raceway were weighed. The 
lot in section 2 destined to be 1-day starved fish weighed 150.5 pounds, 
and the lot in section 4 destined to be 6-day starved fish also weighed 
150.5 pounds. The fish were part of the sixth stocking to be stocked 
in the afternoon of August 15. 
On the afternoon of August 15 the lots were weighed again. The 
250, 6-day starved fish weighed 141.75 pounds; a loss of 8.75 pounds 
(-5.8 percent). The 250, 1-day starved fish weighed 157.50; a gain 
of 7 pounds (+4.6 percent). On an individual basis a 6-day starved fish 
weighed 0.57 pounds and a 1-day starved fish weighed 0.64 pounds at 
the time of stocking, a difference of 0.07 of a pound. 
Survival to the Creel 
Tag returns 
Tags were returned by fishermen between May 31 and November 30, 
1969. The percentage return for the separate stockings ranged from 
60.4 percent (seventh stocking) to 76.1 percent (fourth stocking). 
For the seven stockings combined, 4,751 tags (68 percent) were returned. 
Upper area 
A total of 1,335 tags were returned from the two stockings (1 and 
3) in the upper area. The total returns for each treatment were 358 
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(range: 169-189 per stocking) for the 6-day starved, morning-stocked 
fish; 334 (range: 154-180 per stocking) for the 6-day starved, afternoon-
stocked fish; 314 (range: 146-168 per stocking) for the 1-day starved, 
morning-stocked fish; and 329 (range: 156-173 per stocking) for the 1-
day starved, afternoon-stocked fish (Figure 11, Appendix Table 19). 
The main effect of starvation was significant at the 1 percent level 
(F = 42.37 with 1 and 3 d.f.). Six-hundred ninety-two 6-day starved 
fish compared to 643 1-day starved fish were returned to the creel. The 
main effect of time at stocking was not significant (Table 8). The 
interaction of the two main effects was significant at the 5 percent 
level (F = 26 . 91 with 1 and 3 d.f.). 
Relatively more fish returned to the creel from stocking number 3, 
71.0 percent compared to 62.5 percent for stocking number 1. 
Lower area 
A total of 3,416 tags were returned from the five stockings (num-
bers 2, 4, 5, 6, and 7) in the lower area. The total returns for each 
treatment were 882 (range: 158-190 per stocking) for the 6-day starved 
morning-stocked fish; 829 (range: 146-187 per stocking) for the 6-day 
starved, afternoon-stocked fish; 840 (range: 147-183 per stocking) 
for the 1-day starved, morning-stocked fish; and 865 (range: 147-201 
per stocking) for the 1-day starved, afternoon-stocked fish (Figure 11, 
Appendix Table 19). The main effects of starvation and time of stocking 
were not significant at the 10 percent level. However, their interaction 
was significant at the 5 percent level (F = 5.9 with 1 and 12 d.f.). 
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Figure 11. Number of tags returned per treatment for each stocking, 
Mammoth Creek, 1969. 
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Table 8. Analysis of variance, returns per treatment, upper and lower 
areas, Mammoth Creek, 1969 
Source Degrees Sum Mean 
of of of of 
variation freedom squares squares F 
Upper Area 
Treatment 
Starvati on 1 300.5 300.5 42. 3*"' 
Time at st ocking 
(morning-afternoon) 1 10.5 10.5 1.4 
Starvation 
x 
Time at stocking 1 189.5 189.5 26. 7,r 
Stockings 1 903.2 903.2 
Error 3 21. 3 7 .1 
Total 7 1425.0 
Lower Area 
Treatment 
Starvation 1 1.8 1.8 0.04 
Time at stocking 
(morning-afternoon) 1 39.2 39.2 0.8 
Starvation 
x 
Time at stocking 1 304.2 304.2 5. 9~r 
Stockings 4 4766.2 1191.6 
Error 12 617.8 51. 5 
Total 19 5729.2 
•k 
Significant at the 5 percent level. 
Significant at the 1 percent level. 
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The greatest numbers of fish returned to the creel from stocking 
number 4, 76.1 percent compared to 74.3 percent for number 5; 68.1 
percent for number 2; 62. 7 percent for number 6; and 60.4 percent for 
number 7. 
Total area 
Returns for both areas were combined and the survival to the creel 
was 1,240 for the 6-day starved, morning-stocked fish; 1,163 for the 
6-day starved, afternoon-stocked fish, 1,154 for the 1-day starved, 
morning-stocked fish, and 1,194 for the 1-day starved, afternoon-
stocked fish (Table 9). 
The highest number of tags was returned from the fourth stocking. 
Six-days and 1-day starvation. Survival to the creel included 2 
perc ent (55 fish) more 6-day starved fish (2,403) than 1-day starved 
fish (2,348) (Table 9). But this difference was not significant at 
th e 10 percent level (F = 0.58 with 1 and 18 d.f., orthogon al set 
analysis). 
Within the morning stocking category, 6- and 1-days of starvation 
differed significantly at the 0.5 percent level (F = 11.3 with 1 and 
18 d.f.). The 6-day starved fish were superior in terms of survival. 
Within the afternoon stockings, 6- and 1-days of starvation did not 
differ significantly in terms of survival to the creel at the 10 percent 
level (F = 1.5 with 1 and 18 d.f.), but the 1-day starved fish returned 
to th e creel in relatively greater numbers (Figure 12). 
Mean return of 6-day starved, morning-stocked fish (x 177) 
alone was 5.5 percent greater than all 1-day starved fish (x = 168) 
(Table 9). However, this difference was not significant at the 
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Table 9. Total tag returns per treatment and total returns for 6-day 
starved, 1-day starved, morning-stocked, and afternoon-
stocked fish, Mammoth Creek, 1969, (mean number returned per 
250 fish lot stocked in parentheses) 
Time of day 
stocked 
Morning 
Afternoon 
Total 
Period 
6-days 
1240 
(177) 
1163 
(166) 
2403 
(172) 
of starvation 
1-day 
1154 
(165) 
1194 
(171) 
2348 
(168) 
10 percent level (X2 = 2.6 with 1 d.f.). 
Total 
2394 
(171) 
2357 
(168) 
Morning and afternoon stockings. Survival to the creel included 1 
percent (37 fish) more morning-st ocked fish (2,394) than afternoon-
stocked fish (2,357) (Table 9). This difference was not significant 
at the 10 percent level (F = 1.0 with 1 and 18 d.f.). Six-day starved, 
morning-stocked fish had significantly higher survival at the 1 percent 
level (F = 9 .08 with 1 and 18 d.f.) than 6-day starved, afternoon-
stocked fish. Within the 1-day starved fish there was no significant 
difference at the 10 percent level (F 2.45 with 1 and 18 d.f.) 
between stocking in the morning or in the afternoon. 
Interaction of starvation and time at stocking. The main effects 
of starvation (6 and 1 days) and time at stocking (morning and after-
noon) were not significant (Table 10). The interaction of the two, 
however, was significant at the 5 percent level (F = 10.5 with 1 and 
18 d.f.) (Figure 12). The interaction was that within the morning 
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Table 10. Analysis of variance, returns per treatment, upper and lower 
areas combined, Mammoth Creek, 1969 
Source Degrees Sum Mean 
of of of of 
variation freedom squares squares F 
Treatment 
Starvation 1 108 .1 108 .1 2.3 
Time at stocking 
(morning-afternoon) 1 48.1 48.1 1.0 
Starvation 
x 
Time at stocking 1 489.6 489.6 10.5-ld( 
Stockings 6 5757.4 959 .5 
Error 18 838.9 46.6 
Total 27 7242.1 
**significant at the 1 percent level. 
stockings 6-day starved fish (x = 177) were superior in survival to 
1-day starved fish (x = 165). While within the afternoon stockings 
more 1-day starved fish (i = 171) were returned than 6-day starved fish 
(x = 166). 
Movement 
Information on movement was gained from creel-census envelopes and 
interviews with fishermen throughout the fishing season, May 31 through 
November 30, 1969. The data do not represent absolute movement but 
recorded movement of fish caught. Quantitative values representing 
tagged fish, presented in this section, will not necessarily coincide 
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with values given for total tag returns. In some instances, involving 
about 25 percent of the tags returned, information on cre~l-census 
envelopes regarding the location of catch was not given or it was 
dubious and, therefore, not included in this analysis of movement. 
Upper area 
Approximately 80 percent of all tagged fish taken in the upper 
area were caught in the 1.3 miles of stream stocked. Less than 1 per-
cent were caught upstream from the area stocked and approximately 20 
percent were caught downstream (Figur e 13). 
Downstream movement of fish per treatment in the first stocking on 
2 
May 30 was significant at the 5 percent level (X = 10.62 with 3 d.f.). 
Relatively small er numbers of the 1-day starved, morning-stocked fish 
moved downstream. Differences in movement among treatments in the 
June 24-25 stocking, however , were not significant (Appendix, Table 20). 
Th e total downstream movement among treatments was significant at 
2 
the 5 percent level (X = 9.09 with 3 d.f.). Higher numbers of 1-day 
starved, morning-stocked fish remain e d in the area stocked. 
Lower area 
Approximately 83 percent of all tag returns in the lower area were 
from fish caught in the 2 miles of stream stocked. About 1.5 percent 
of the fish were caught upstream from the area stocked, and 16 percent 
were caught downstream (Figure 14). 
Downstream movement among treatments in the seventh stocking, 
August 28-29 was significant at the 5 percent level (X2 = 13.39 with 
3 d.f.). Relatively fewer fish of the 6-day starved, afternoon-stocked 
fish moved downstream. Movement among treatments in stockings numbers 
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2, 4, 5, and 6 was not significant (Appendix, Table 20). 
The total downstream movement among treatments in the lower area 
was not significant at the 10 percent level. 
Post-season Survival 
A post-season electrofishing survey was conducted on Mammoth Creek 
December 4-6, 1969. Nine stream sections were sampled. Nineteen tagged 
fish were recovered, all in the three sections stocked. Six tagged fish 
were recovered in the upper area and 13 in the lower (Table 11). 
Of all tags recovered, 68 percent (13 tagged fish) were 6-day 
starved fish and 32 percent (6 tagged fish) were 1-day starved fish. 
2 This diff~rence was not significant at the 10 percent level (X = 
2.58 with 1 d.f.). Equal numbers of 6-day and 1-day starved fish were 
found in the upper area. However , in the lower area, alone, 77 percent 
(10 fish) were 6-day starved fish and 23 percent (3 fish) were 1-day 
starved fish. This difference was significant at the 10 percent level 
(X2 = 3.76 with 1 d.f.). 
In both areas combined, 9 morning-stocked and 10 afternoon-stocked 
fish were recovered. In the upper area the ratio of morning- to 
afternoon-stocked fish was 4:2, and in the lower area, 5:8. Neither 
difference was significant at the 10 percent level. 
For both areas combined and all treatments there were no signifi-
2 
cant differences in post-season survival at the 10 percent level ex = 
5.31 with 3 d.f.). 
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Table 11 . Post··season survival of stocked catchables, Mammoth Creek, 
December 4-5, 1969. Expressed as numbers observed in stream 
sections 2, 9, and 10. Five 360-foot lengths of stream 
were sampled. 
6-day starved fish 1-day starved fish 
Stocking Stocked AM Stocked PM Stocked AM Stocked PM 
Upper Area 
1 0 0 1 0 
3 1 2 2 0 
Lower area 
6 2 1 1 0 
7 1 6 1 1 
DISCUSSION 
Total Harvest and Recovery of Tags 
Survival to the creel of stocked rainbow trout on Mammoth Creek 
was high (estimated 83 percent during the calendar year stocked). 
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Smith (1948) reported that recoveries may average 80 percent in intense 
management areas, but nationwide average for the return of stocked 
legal-siz e trout runs about 25 percent . Low recoveries in this range 
were reported by Hazzard and Shetter (1939) and Seaman and Stephens 
(1950). Miller (1954) stated that returns of plants of legal-size 
trout in streams seldom exceeded 40 percent. Needham (1959) summarized 
68 separate reports of inseason stocking of legal-size trout in streams 
and found that the average recovery rate was 41 percent. Williamson 
and Schneberger (1943) reported the recovery of 37.5 percent of 2,623 
marked rainbow trout. 
Others have cited higher percentages of return. Murphy (1955) 
in a census of the Little Salmon River, Idaho, reported the recovery 
of 57.9 percent of 8,400 trout. In California a return of 73 percent 
(data from 13 streams) was reported by Butler and Borgeson (1965). On 
the Logan River drainage in Utah, Thoreson (1949) estimated a return of 
77 percent and Pechacek (1950) estimated a 78.2 percent return. Thorpe, 
Rayner, and Webster (1947) cited returns of 93 percent for rainbow trout 
in the Blackledge River, Connecticut. 
47 
Of the 6,701 ± 1,252 tagged fish estimated caught in Mammoth Creek 
the total number of tags returned was 5,412 (to include the July 31 
stocking). Thus a non-response of about 20 percent existed for fisher-
men not returning tags. 
Non-response is dependent upon a number of factors including the 
effort expanded to recover the tags, loss of tags, species of fish, 
type of tag, amount and kind of publicity, and degree of interest on 
the part of the fishermen (McCammon and LaFaunce, 1961). In general, 
recovery programs depending on voluntary tag returns are subject to high 
levels of non-response (Paulik, 1961). Mullan (1959) found a 60 percent 
non-response for return of mandible tags on trout. Butler (1962) 
reported a non-response of 38.4 percent for non-reward tags on trout in 
California. 
In the present study on Mammoth Creek the tagged fish not accounted 
for by being caught, or present in the post-season survey (about 1,000 
fish) probably died of natural causes. Other possible explanations 
include movement out of the area or loss of tags. 
Resident Trout Population 
A moderate resident fish population (brown trout and brook trout) 
was present in the sections stocked. It is generally accepted that 
resident trout compete with stocked trout for both space and food 
(Gerking, 1953; Miller, Sinclair and Hochachka, 1959; Cooper, 1959). 
Miller (1952) investigated the survival of hatchery trout in Gorge 
Creek, Alberta, Canada, and he concluded that the exhaustion, or shock, 
sustained by planted fish is largely brought about by the aggressive 
territorial activities of the resident trout. The estimated resident 
cutthroat population was 800 to 1,000 fish per mile, the fish ranged 
from 1.0 to 7.0 ounces and averaged 3.0 ounces (Miller, 1955). 
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To investigate the question of competition and its effects upon 
the survival of hatchery fish further, Miller (1958) conducted a study 
comparing the survival of stocked trout in streams with and without 
resident trout. Hatchery trout in competition with resident trout 
incurred a 49.5 to 59.2 percent mortality. The stocked trout with no 
competition incurred 10.5 to 16.0 percent mortality. 
The dominance of resident trout may in part be expressed by their 
maintaining a superior position in the stream (Newman, 1956). Butler 
and Hawthorne (1968) observed aggressive action on the part of dominant 
fish on ly when subordinates attempted to feed upstream from the position 
of the dominant fish. 
Scope For Activity 
The significantly higher return of 6-day starved, morning-stocked 
fish and the relative returns of the other treatments may have several 
partial and interrelated explanations. A definite interaction exists 
between starvation period (6-day and 1-day) and time at stocking (morn-
ing or afternoon stockings). The causes involved are not obvious. 
Starvation 
Starvation of rainbow trout for 6 days significantly increases 
scope for activity (Dickson, 1968). The main effect of starvation on 
scope for activity is to decrease the standard metabolic rate without 
changing the active rate. The decrease reflects a reduction in oxygen 
requirements for the assimilation of food (Beamish, 1964). In turn, 
greater amounts of oxygen may be reflected in lower levels of lactic 
acid among unfed fish (Beamish, 1968). 
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Six - day starved fish in the present study lost about 6 percent of 
their body weight (0.03 pounds per fish). Fredenburgh (1969) working 
with rainbow trout averaging 31 per pound cited a weight loss of 6.44 
perc ent for fish starved for 1 week and a loss of 6.59 percent for fish 
starved from 4 to 6 weeks. 
Starvation and loss of weight in wild and hatchery fish is not 
critical in terms of being lethal • . Adelman, Bingham, and Maatch (1955) 
stat ed that starvation per se could not be an important factor in low 
winter survival of 5.5- to 7.5-inch brook trout. Wild brown trout in 
normal condition can live for at least 7 months without food if tempera-
tures remain low (Reimers, 1957). Stocked trout lose weight for 4 to 
6 wee ks (30 to 40 days) after stocking (Miller, 1954). 
Temperature 
A possible advantage existed for the morning-stocked fish in that 
they were placed in increasing stream temperatures during their first 
8 to 10 hours in the stream. A progressive increase in their scope for 
activity may have thus occurred. Conversely, the afternoon-stocked fish, 
though placed in the stream ne~r the highest water temperatures, shortly 
experienced decreasing water temperatures (approaching the diurnal 
minimum) during their first 12 to 13 hours in the stream. 
The range of diurnal change in temperatures in the lower area would 
appear to be most conducive for this explanation of higher morning-stocked 
fish returns. But the statistical analysis of returns in the lower area 
revealed that variance among treatments was not related to time at 
stocking but to chance alone. 
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Daylight 
A possible advantage existed in that morning-stocked fish experi-
enced 10 to 14 hours of daylight after being placed in the stream, thus 
making it possible for them to become orientated in the stream before 
dark . Conversely the afternoon-stocked fish experienced about 3 hours 
of daylight and then 9 to 13 hours of darkness. 
From the statistical analysis of returns in the upper area, 6-day 
starved morning-stocked fish were superior in survival to the creel. 
For the two stockings in the upper area , stream temperatures at which the 
fish were put in the water were low in both the morning and afternoon. 
Afternoon lots of fish in both stockings were put in the stream late 
in the afternoon. The duration of daylight experienced appears as an 
obvious variable. 
La boratory studies have demonstrated that time of day and day-
length have no significant effect upon the respiratory metabolism of 
rainbow trout (Dickson, 1968; Evans, Purdie, and Hickman, 1962). 
Oxygen and carbon dioxide 
Oxygen concentrations on Mammoth Creek at the time of stocking in 
all cases were greater than 70 percent of the calculated air saturation, 
values calculated from tables given by Leitritz (1963). Reduction in 
scope for activity of brook trout is significant when oxygen concentra-
tions are reduced to 50 percent air saturation (Basu, 1959). Active 
respiration in lake trout (Salvelinus namaycush) becomes dependent on 
oxygen pressure at approximately 66 percent air saturation (Gibson and 
Fry, 1954). It would appear that oxygen concentrations during the 
mornings and afternoons in Mammoth Creek were not limiting to scope for 
activity. 
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Other subtle chemical relationships may exist, however. The total 
alkalinity, due to bicarbonates, and the hydrogen-ion concentration of 
Mammoth Creek at the time the fish were stocked would indicate the free 
carbon dioxide content was from Oto 2 ppm (Hutchinson, 1957; Leitritz, 
1963; American Public Health Association, 1965). The active rate of 
oxygen consumption in brook trout is depressed when free carbon dioxide 
concentrations increase, although levels of carbon dioxide normally 
present in trout streams would have little effect on scope for activity 
(Fry, 1957; Basu, 1959). 
Acclimation 
The field evaluation of effects of starvation and stream temperature 
on the survival of stocked trout had certain inherent limitations. The 
major limitation was that fish were not "acclimated" to the high and low 
stream temperatures at which they were stocked. Acclimation temperature 
is defined as the temperature a fish is kept at for 2 weeks (Fry, Hart, 
and Walker, 1946). In Dickson's (1968) study involving scope for activity 
the fish were acclimated for at least 2 weeks at the test temperature. 
In the present study the water temperature the fish were kept at in the 
hatchery ranged daily between 54 to 57 F. The stream temperature at the 
time of stocking varied from 38 to 46 F in the morning and 45 to 61 F 
in the afternoon. The possibility of increasing or - decreasing the 
temperature of the hatchery water to the high and low stream tempera-
tures was not practical if the study was to remain within the limits 
of applicable management research. 
From the hatchery to the stream the fish were acclimated or 
"tempered" (temperature of the water in the distribution truck brought 
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to within 5 F of the stream temperature before the fish are stocked). 
The period of tempering varied from 30 to 60 minutes. The effect of 
short acclimation periods on scope for activity is not known. 
Movement 
The retention of the fish in the area stocked (80 percent) with 
smaller proportions moving downstream as found in th is present study is 
in agreement with other investigations (Lord, 1936; Cobb, 1933; Chamberlain, 
1943; Trembley, 1945; Swartz, 1950; Bjornn and Mallet, 1964). Shetter 
and Hazzard (1941) observed most of the recovered trout, following stock-
ing, were taken within 5 miles of the point of release and usually down-
stream. Of the three species observed in their study, rainbow trout 
migrated most extensively. The majority of the reports stated that 
catchable - size trout usually remain near the planting site and down-
stream movement was more common than upstream (Randle and Cramer, 1941; 
Thorpe, Rayner, and Webster, 1947; Ratledge and Cornell, 1953; Millis 
and Kanaly, 1958). 
Post-season Survival 
The sample of tagged fish examined after the close of the season 
indicated that 6-day starved fish were present in the stream in greater 
proportions than 1-day starved fish. In the upper area from the first 
and third stockings on May 30 and June 24, 25 respectively, there were 
no differences in the post-season survival of 6- and 1-day starved fish. 
In the lower area from the last two stockings on August 15, 28, and 29, 
there were 70 percent more 6-day starved fish surviving to post-season 
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than 1-day starved fish. 
Application 
Results of this study clearly indicate that 6-day starved fish 
surviv e at the same rate, or possibly a higher rate, as 1-day starved 
fish. Starving fish for 1 day before stocking is the usual hatchery 
practice. If fish were starved for 6 days before stocking substantiai 
savings would be made in feed costs. Feed costs are one of the major 
expense items in producing hatchery fish (Underwood, 1964). 
The difference in weight between 6-day starved (0.57 pounds) and 
1-day starved (0.64 pounds) fish would not be detected by the average 
fisherman. 
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CONCLUSIONS 
A significant interaction existed between the period of starvation 
and time at stocking. Six-day starved fish returned to the creel in 
greater numbers when stocked in the morning, and 1-day starved fish 
returned to the creel in greater numbers when stocked in the afternoon. 
Reasons for the observed interactions are unknown. Five percent more 
6-day starved, morning-stocked fish survived to the creel than fish 
starved for 1 day and stocked either in the morning or afternoon. 
However, this difference was not statistically significant. The differ-
ential influence of starvation (6 and 1 days) and time at stocking 
(morning and afternoon) on downstream movement and post-season survival 
of catchable rainbow trout was not significant (10 percent level). 
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Table 12. Number and weight of fingerling rainbow trout located in 
raceways above experimental raceway, May through August, 1969, 
Panguitch Fish Hatchery 
Month Number Weight (lbs.) 
May 347,000 4,350 
June 339,000 7,400 
July 388,000 3,650 
August 52,000 2,400 
Table 13. Total fishermen tag returns per treatment for the stocking 
on July 31, 1969, Mammoth Creek. These data are not included 
in the analysis (explanation on p. 19) 
6-day starved 
fish, stocked 
in the morning 
150 
Treatments 
6-day starved 
fish, stocked 
in the afternoon 
163 
1-day starved 
fish, stocked 
in the morning 
179 
1-day starved 
fish, stocked 
in the afternoon 
169 
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Table 14. Oxygen concentrations in raceway sections, Panguitch Fish 
Hatchery~ Concentrations measured 1 or 2 days before 
fish were stocked--expressed as ppm. 
Raceway section 
Stocking 1 2 3 4 
1 
2 
3 6.3 6.0 6.0 6.2 
4 5.8 6.2 6.6 6.5 
5 7.7 7.8 7.8 8.2 
6 8.5 8.0 7.6 8.3 
7 8.5 7. 9 7.5 7.0 
Table 15. Summary of data for utilization of tag-r e turn boxes and barrels, Mammoth Creek, 1969 
Total creel-census envelo es 
Returned Loose tags 
Put Returned Put Returned Put to boxes Returned Returned 
on boxes to boxes on barrels to barrels on cars or barrels to boxes to barrels 
May-June 431 186 0 14 124 45 7 51 
July 369 349 73 61 272 117 52 12 
August 371 419 54 68 271 142 190 15 
September 120 105 15 12 48 30 36 4 
October 71 34 3 1 0 0 6 1 
November 0 0 0 0 0 0 0 0 
Total 1362a 1093 145a 156 715 334 291 83 
Percent 73b 33b 47 
aAt the end of the fishing season 165 envelopes remained on boxes and 8 on barrels. 
bPercentage return is for total envelopes put on boxes or barrels and returned to boxes and barrels, 
respectively. Total envelope returns to boxes and barrels were corrected by 220 and 114 envelopes, 
respectively which were envelopes originally placed on cars. 
O' 
w 
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Table 16. Fish caught per hour in the upper and lower areas, May 31 
to September 15, Mammoth Creek, 1969 
May June July August September Total 
Upper Area 
Week days None 0.74 0.33 0.98 0.20 0.56 
Weekend days 1.03 1.11 0.51 0.60 0.32 0. 71 
Lower Area 
Week days None 0.40 0.52 0.83 0.87 0.59 
Weekend days 0.25 0.49 0.38 0.56 0.57 0.47 
Table 17. Mean cars per count and mean fishermen per car, Mammoth Creek, 1969. Sample variance is in 
parentheses. 
Weekdays 
Weekend days 
Weekdays 
Weekend days 
June 
1-15 16-30 
1.06 
,(2.062) 
4.00 
(6.000) 
2.30 
(1.063) 
2.81 
(2.029) 
5.67 
(0.231) 
9.87 
(44.125) 
2.29 
(0.999) 
2.48 
(2.572) 
July 
1-15 16-31 
Mean Cars Per Count 
5. 71 
(15.259) 
8.88 
(48.696) 
7.40 
(27.225) 
11.00 
(52.571) 
Mean Fishermen Per Car 
2.50 
(2.059) 
2.69 
(1.986) 
2.68 
(1.787) 
2.65 
(2 .4 70) 
August 
1-15 16-31 
9.54 
(35. 563) 
14.69 
(28.895) 
2.73 
(2.172) 
2.65 
(2.197) 
8.58 
(34. 775) 
25.40 
(239.982) 
2.15 
(1.285) 
3.02 
(2.890) 
Sel'_tember 
1-15 
3.63 
(9.316) 
7.00 
(18.285) 
2.32 
(1.131) 
2.60 
(2.129) 
°' v, 
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Table 18. Number of fish counted in contact creel census May 31 to 
September 15, 1969, Mammoth Creek 
Number of fish counted each month 
Fish May June July August September Total 
Upper Area 
Rainbow trout 
(tagged) 8 68 74 90 2 242 
Rainbow trout 
(not tagged) 62 85 103 76 7 333 
Bro ok trout 3 53 1 12 0 69 
Brown trout 3 9 11 4 0 27 
Cutthroat trout 0 6 1 0 0 7 
Lower Area 
Rainbow trout 
(tagged) 27 134 242 13 416 
Rainbow trout 
(not tagged) 230 262 229 47 768 
Brook trout 2 3 0 0 5 
Brown trout 28 42 38 6 114 
Cutthroat trout 0 l 0 0 1 
67 
Table 19. Tag returns per treatment for each stocking, Mammoth Creek, 
1969--expressed as numbers 
Stocking 6-day starved 1-day starved 
numbera Stocked AM Stocked PM Stocked AM Stocked 
Upper Area 
1 169 154 146 156 
3 189 180 168 173 
Total 358 334 314 329 
Lower Area 
2 172 161 179 169 
4 190 187 183 201 
5 189 187 178 189 
6 173 148 147 159 
-, 158 146 153 147 I 
Total 882 829 840 865 
Gran d total 1240 1163 1154 1194 
aStockings 1 and 3 were in the upper area, 2, 4, 5, 6, and 7 in the 
lower area. 
PM 
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Table 20. Movement of stocked fish, upper and lower areas, Mammoth Creek, 
1969 (percentage moved in parentheses) 
Number moved 
Direction of 6-day starved 1-day starved 
Stockinga movement Stocked AM Stocked PM Stocked AM Stocked PM 
Upstream 1 ( 1) 1 ( 1) 0 ( O) 0 ( 0) 
1 No movement 107 (66) 86 (60) 106 (82) 89 (64) 
Downstream~'< 54 (33) 56 (39) 24 (18) 51 (36) 
Upstream 8 ( 6) 11 ( 9) 9 ( 7) 3 ( 2) 
2 No movement 120 (86) 101 (80) 110 (83) 113 (91) 
Downstream 12 ( 8) 15 (ll) 13 (10) 9 ( 7) 
Upstream 0 ( 0) 2 ( 1) 0 ( 0) 0 ( 0) 
3 No movement 140 (87) 111 (80) 102 (82) 101 (78) 
Downstream 21 (13) 26 (19) 22 (18) 29 (22) 
Upstream 0 ( 0) 0 ( 0) 0 ( 0) 1 ( 1) 
4 No movement 127 (86) 144 (89) 129 (83) 156 (91) 
Downstream 21 (14) 17 (ll) 26 (17) 15 ( 8) 
Upstream 2 ( 1) 1 ( 1) 1 ( 1) 0 ( 0) 
5 No movement 125 (85) 117 (81) 101 (77) 126 (82) 
Downstream 20 (14) 26 (18) 29 (22) 28 (18) 
Upstream 0 ( 0) 0 ( 0) 0 ( 0) 0 ( 0) 
6 No movement 95 (85) 83 (83) 81 (83) 70 ( 7 3) 
Downstream 17 (15) 17 (17) 17 (17) 26 (27) 
Upstream 0 ( 0) 0 ( 0) 1 ( 1) 1 ( 1) 
7 No movement 78 (71) 66 (94) 80 (78) 75 (69) 
Downstream>'< 32 (29) 4 ( 6) 22 (21) 33 (30) 
aStockings 1 and 3 were in the upper area. 
~·<significant at the 5 percent level. 
CONTACT CREEL CENSUS MAMMOTH CREEK 
UTAH COOPERATIVE FISHERY UNIT 1969 
2 . Time interviewed 
------Time started fishing . ___ _ 
3 . Time fish ed 
--------~ 
4. Stream s ection (s) 
-----
5 . Number of f ish caught: 
Rainbo w 
Br own 
Brook 
Cutth ro at 
Whit efi sh 
1. Dat e 
Total 
---------
2 . Time int ervi ewed 
--------Time started fishing 
·------
3 . Time fished 
-----------
4. Stream section (s) 
-------
5. Number of fish caught: 
Rainbow 
Brown 
Brook 
Cutthroat 
Whitefish 
Total 
Remarks: 
Tagged 
Remarks: 
Tagged 
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Tag No. 
Tag No. 
Figure 15. Creel-census form used in interview with fishermen, Mammoth 
Creek, 1969. 
STREAM 
SECTION 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
TOTAL 
70 
CAR COUNT MAMMOTH CREEK 
UTAH COOPERATIVE FISHERY UNIT 1969 
TIME 
6 AM 8 AM 10 AM 12 2 PM 4 PM 6 PM 8 PM TOTAL 
Figure 16. Car-count form used to record the number of fishermen's 
cars for each stream section at 2-hour intervals, Mammoth 
Creek, 1969. 
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